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ABSTRACT
This is the final Technical Report under NASA/Goddard Ccntract
NAS5-21068. The work effort under this study resulted in the pro-
duction of high performance 15.5um (Hg,Cd)Te infrared photodetectors
for operation at 105°K or above. The specific design objectives
and data requirements for the (Hg,Cd)Te detectors were as follows:
1, Spy ific detectivity (D T ) greater than 5 x 1.0 cm
Hz	 /watt at 15.5 µm.
2. Operating temperature greater than 105°K.
3. Responsive time constant less than 50 microseconds.
All design goals were successfully met.
This project was a natural continuation of the work Honeywell had
done in the 12µm area at 120°K. The goal of the present program
was to extend this technology to achieving high performance, 15.54m
detectors at 105°K.
Each of the three detectors shipped surpassed the d 1ign goa1 of
D,'1 (15.5wm, 2800 Hz, 1) greater than 5 x 10 9
 can Hz l7 /watt
at M O K.	 Also, all three detectors had a Dj , greater
than 5 x 10 9
 at 115°K, thus showing the feasibility of using high
performance (Hg,Cd)Te 15.5 µm detectors at temperatures well in
excess of 80°K.
P
I
SECTION 1
s
INTRODUCTION
This is the final Technical Report under NASA/Goddard Contract
NAS 5-21068. The work effort under this study resulted in the
production of high performance 15.54m (Hg,Cd)Te infrared photo-
detectors for operation at 105°K or above.
The specific design objectives and data requirements for the
(Hg,Cd)Te detectors were as follows:
1. Specific detectivity (D*) greater than 5 x 10 9
 cm Hz 1/2
watt at 15.54m.
2. Operating temperature greater than 105°K.
3. Responsive time constant less than 50 microseconds.
All design goals were successfully met.
	 In addition, measurements
were made of:
1. D vs wavelength at 105°K.
2. D at 15.54m vs detector temperature
3. D at 15.5µ.m vs chopping frequency at 105°K.
4. Noise spectrum at optimum bias at 105°K.
This project was a natural continuation oc the work Honeywell has
done in the 124m range at 120°K. The goal of the 105°K program
was to extend this technology to achieving high performance 15.5µm
detectors at 105°K.
The program was divided into five main parts: (1) A theoretical
calculation of device performance was made and the bulk parameters
(impurity concentration and x-valae) were optimized for operation
at 105°K. (2) A mercury-cadmium telluride ingot with the desired
1
fproperties was grown and characterized. (3) Detectors ::Are
fabricated and tested at 78°K. (4) The best detectors were
tested in a variable temperature dewar to give data on temperature
dependence of the detectivity, responsi. •,;ity, noise spectrum, life-
time, spectral response, and resistance. (5) The three best de-
tectors were selected, retested, and packaged. These were shipped
with a data package for each.
Section 2 of this report summarizes the design, development, and
analysis performed on this program to develop 15.54m detectors.
Each of the three detectors shipped surpas,,e the dys,'gn goal of
D'` (15.5µm, 2800 Hz, 1) greater than 5 x 10 cm Hz // /wat^ at
10 M. Two of the detectors had a D^ greater than 1 x 10 1 cm
Hz 1 /watt under the same con64Lions. Also, all three detectors
had a D at greater than 5 x 10 9 at 115°K, thus showing ti,;- feasi-
bility of using high perfr,imance 15.54m (Hg,Cd)Te d--iPctors at"
temperatures well in excess of 80°K.
1)
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SECTION 2
TECHNICAL DISCUSSION
2.1
	
THEORETICAL CALCULATION OF DETECTOR CHARACTERISTICS
The *_beoretical basis for predicting high performance in elevated
operating temperature (Hg,Cd)Te was presented in the reports for
1 24m previous program (Contract NAS 5-1.1554). During the course
of the present program we have furthered our understanding of a
number of internal parameters which determine detector performance.
This section describes our present understanding of such parameters
as the energy gap, carrier concentration, and lifetime as a func-
tion of operating temperature, impurity concentration, and x-value.
Section 2.3 describes the utilization of these theoretical calcula-
tions in the computer program in order to predict such terms as the
detectivity and responsivity.
2.1.1	 Energy Gap
Detailed spectral response data taken as a function of x, the per-
centage of Cd in the material, and temperature by J. L. Schmit of
Honeywell has yielded an accurate calculation o5- the energy gap.
The relationship of the energy gap with temperature is linear over
a wide range of x and	 Ja L.. Schmit experimentally measured the
detector cutoff wavelength as a function of temperature and x and
obtained the following expression for Eg:
Eg = 1.59 x - 0.25 + 5.23 (10 -4 )T (1 - 2.08x) + 0.327x 3	(1)
where Eg is the energy gap, x is the percentage of cadmium in
Hg l _ xCdxTe and T is the temperature of the detector.
Figure 2.1 shows these results in terms of cutoff wavelength of
the detector vs temperature for the low x or long wavelength region.
Since as a rule of thumb, there is about a 5-10% difference between
the peak and cutoff wavelengths, a peak response of 15.5,-Lm at 105°K
implies that the cutoff is about 16.5-174m. Figure 2.1 :s hows that
an x-value of 0.181 is necessary to obtain 15.51m peak response at
105°K. Such mnate rial was selectively chosen from the ingot used
for the program.
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4Since preliminary testing was done at 78°K, the boiling point of
liquid nitrogen, a peak response of 17.54m or greater was nec-
essary to achieve a 15.54m peak signal at 105°K.
2.1.2	 Carrier Concentration and Detector Performance
The energy gap formulation given in equation 1 has been incorpora-
ted into the computer program and the effect of the donor-impurity
density on the detectivity as a function of temperature was studied.
Figure 2
._^shows the detectivity vs temperature for several impurity
values, While it is possible to select a carrier concentration
value for which the detectivity peeks at 105°K, the theoretical
calculations given in Figure 2.2 indicate that the lower the impurity
level, the higher the D^^ for all temperatures. For example, at a
donor concentration of 1 x 10 14 cm -3 , a D1 5	= 5 x 10 9 at 105°K
is predicted. However, for Nd = 1 x 10 15 cm 3, D15.5µm 4.5 x 1015
for a 180 degree field of view.
The peakii:g cf the detectivity as a function of temperature is in
large measure due to the Auger lifetime dominating the temperature
region above about 80-90°K. Signal measurements taken previously
ind'cated that (Hg,Cd)Te detectors have time constants in the range
10 - ^ to 10 -6 second and show a temperature dependent behavior.
This temperature dependence is a function of the internal material
parameters, such as the impurity concentration and the x-value.
A typical cu.-ve for -r as a function of temperature would show a
timF constant of the order of 10 -7 second below 78°K, an increase
with temperatures to a peak value about 90-100°K, and then a final
decrease with increasing temperature above the peak.
It is theorized that in the temperature range above the peak, Auger
recombination is the limiting mechanism. Since lifetimes add re-
ciprocally, the shortest lifetime dominates.
T =
	
1	 1	 1	 (2)
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Figure 2.2 CALCULATED SFECIFIC DETECTIVITY VERSUS
TEMPERATURE AS A FUNCTION OF CARRIER
CONCENTRATION ( ? p = 15.5 4 at 105°K)
6
4While the Shockley-Read lifetime is increasing with increasing, tem-
perature, both the Auger and direct radiative lifetimes are de-
creasing in the region above the peak. See the Final Report of
Contract NAS 5-11554, Section 2 for a more detailed explanation.
Figure 2.3 shows the peaking of the lifetime as a function of tem-
perature for high carrier concentrations.
2.2	 DEVELOPMENT PROGRAM
A six-month development program was conducted to extend the state-
of-che-art on long wavelength infrared detectors to 15.54m at
elevated operating temperatures. Four crucial parameters, the
donor density, the x-value, and the relative values of the 1/f
coefficient C, and T essentially determine the 15.54m detectivity
as a function of temperature.
The first two quantities are measurable while the material is in
the bulk state and can be obtained from Hall and density experi-
ments. However, while T is a general material property, C, is
dependent upon both material and contacts and thus must be measured
while the sample is in detector configuration. Since the initial
selection process was to be used for many detectors, an ease of
measurement was sought. The ready availability of liquid nitrogen
dewars and the simplicity of handling and cooldown made preliminary
sampling at 78°K the least time consuming,. Detectors which passed
initial criteria were then placed on the variable temperature dewar
for measurements at 105°K and for extended tempture rims if
they had D 15.5µ,, (15.5,15  28C0 ) 1) > 2 x 10 9 cm Hz 	 /watt at 105°K,
The initial slabs used for fabrication of detectors were selected
by the Hall coefficient, resistivity, and density measurements such
as those given in Section 2.2.1. Preliminary testing at 78°K was
used to locate the good detectors in each selected region.
A new glass variable temperature dewar with long boil-off time and
a simple but effective heater controller were built. Temperature
measurements were made using cross-correlation between a copper-
constantan thermocouple and a thermistor. Both were carefully
calibrated. Good detectors were tested in the variable temperature
7
6z0
o	 '^
o	 FN	 Uz
O
44
¢
O	 d
°0	 W
fY,
O
F
W
a
o	 ^
^	 w
.-i	 F
^n
a
..	 cn z
as	 rz o
c	 H
v	 [^
O
b H zF F WW U
44 zHO
.^ U
O	
W W
-4	 F H
O ¢U U
¢ w
O	 U OO
-4	 Cl)
C
W
>J
o	 ^
Qo
0
Ln
^	 O
—4	
—4
O
-	 x
x	 ,n
Lr)
	 II	 I
II	 -4i
	 -p
x
x
	
z	 it
.}l
^,	 z
a
O	 O	 O
8
6I_
dewar before selecting the three final detectors. Antireflection
(AR) coating was tried experimentally and was very successful for
15.54m detectors. The AR coating increased the peak detectivity
by about 20% and passivated the element.
At the conclusion of the development program the three final detec-
tors were selected to be packaged in their final vehicle and retested
in the variable temperature dewar.
9..x.1	 Bulk Measurements
One of the simplest means for obtaining information on the type
and density of carriers present present in a crystal is to perform
a Hall experiment. The type of carrier found, predominantly hole
or electron, can further be subdivided into whether it was either
intrinsically excited across the bandgap or extrinsically from an
impurity site. Since previous data taken at the Honeywell Research
Center have shown the donor level in (Hg,Cd)Te to have an energy
of excitation of less than 4 x 10 -4eV, corresponding to 4°K, one
would expect to find a constant carrier density between 4°K and
on that temperature where intrinsically excited carriers are im-
portant, and an increasing concentration at higher temperatures
due explicitly to intrinsic excitation. This is indeed what appears
to be the case for most of the material measured during the program.
Bulk data reported in Table 1 includes density measurements for
three regions of the ingot used for the final detectcrs. The Hall
coefficient and Hall mobilities were measured on slabs adjacent to
those used for the density sampl;.- and calculated donor levels and
mobilities are giver. in Table 2. Since the density values indicate
a rapid shift towards longer wavelengths the lower the sample was
cut in the ingot (i.e., Sample 2 is lower than Sample 1) similar
variation can be expected within each sample. Thus only the region
defined by the lower half of Sample 2 and the upper half of Sample
3 from Sections F and H would give the desired density value of
0.181 ± 0.003. However, Hall data (see Table 2) indicates that
Sample 2 in Section H has a lower donor v31ue and thus should
produce the highest performance detectors. Detectors from Section
H48, Piece 2 indeed did show the best D*15.5µm at 78°K and the
final devices were produced from an adjacent region.
All Hall samples tested showed Ni-type material. See the monthly
reports from September through January, Contract NAS 5-21068 for
more detailed information on the bulk measurements.
9
6Table 1
DENSITY MEASUREMENTS
Slab Sample x at 78°K at 105°K at 105°K
co co pea
F,S1 1 .262 6.5 6.3 5.6
2 .215 10.5 9.9 8.8
3 .180 19.5 16.0 14.3
i A-3 .255 6.9 6.5 5.8
A-5 .255 6,9 6.5 5.8
A-7L .224 9.4 8.9 8.0
A-7M .250 7.2 6.8 6.1
H48 1 0212 10.9 9.9 8.8
2 .198 13.6 11.9 10.6
3 .175 22.2 17.7 15.8
10
6Table 2
DONOR CONCENTRATION & FALL MOBILITY
Hall
Region	 Sample Nd µH
cm -3 cm
2 
/V-s
J	 1 1.'S x 10 15 6.1 x 10^
2 1.4 x 10 15 1.7 x 105
3 2.8 x 10 15 2.7 x 105
4 4.7 x 10 15 5.7 x 105
H46
	
1 2.2 x 10 14 4.3 x 104
2a 2.118 x 10 14 7.7 x 104
2b 4.1 x 10 14 1.4 x 10-'
3a 6. 8x11,,14 1.8x105
3b
I
6.1 x 10 14 2.2 x 105
11
	2.2.2	 Preliminary Measurements at 78°K
Preliminary tests were made on detectors from three different
ingots. Bulk measurements on selected slabs included Hall coeffi-
cient, resistivity, and density. These results show the donor
type concentration and mobility as well as the x-value of 0.181 t
0.003 for 15.54m detectors at 105°K and low donor density and
high mobility were chosen to fabricate detectors.
Preliminary measurements at 78°K on the detectors included resis-
tance, blackbody detectivity, and a spectral response on the
better devices. Random detectors were selected for noise meas-
urements as a function of frequency to determine an average re-
combination lifetime from the g-r noise rolloff.
The complete results of this testing were reported in the September
1969 to January 1970 monthly reports for Contract NAS 5-21068.
A summary of 20 detectors with a fairly complete characterization
at 78°K is included in Table 3. The 78°K measurements were used
because of the ready availability of dewars for use with liquid
nitrogen. Each of the regions shown in Table 3 were 6elected on
the bas's of density measurements (x = 0.181 f 0.003) and 14 of
the 20 detectors had cutoff wavelengths of from 184m -201-Lm as ex-
pected.
The average bias current was about 15 mA for a dissipated power of
about 1-2 milliwatts at 78°K.
A number o- detectors had a D eak (',1100, 1) _> 1 x 10 10 for a
130 degree field of view. Lit le 1/f noise was pre^ent at 1100 1112;
and in the average case only a 20-30% increase in D was obtained
by operating at a chopping frequency of 10,000 Hz. Recombination
times as determines: by tile g-r noise rolloff with frequency were
between 80 nanoseconds and 180 x 10 -9
 seconds.
	
2.2.3
	 Variable Temperature Measurements
Variable temperature measurements were made on twelve of the better
detectors. Resistance, blackbody detectivity, and spectral res-
ponse were measured as a function of temperature from 80 to 120°K.
i
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th
Figure 2.3 shows the lifetime of a detector as a function of
temperature. In Section 2.1.2 the carrier lifetime was theorized
to be limited by a Shockley-Read recombination mechanism at low
temperatures and an Auger mechanism at high temperatures. The
peaking behavior evident in Figure 2.8 is a result of the Shockley-
Read lifetime increasing and the Auger lifetime decreasing as the
temperature is rcreased. The time constant obtained at 105°K of
about 200 x 10 - second for this detector is typical of a high
performance 15.54 (Hg,Cd)Te detector.
Figure 2.4 shows the 500°K blackbody detectivity as a function
of temperature for five typical detectors. Since each of the
devices shown has *a cutoff wavelength close to 15.54m at 105°K,
the D15.54m^2 x D 00°K' Thus d^^ice H4^3 has a calculated
D'^5
	^7-S^m (15.5, 28 0, 1)^ 1 x 10	 cm Hz	 /watt. Two others,
H 7 3 and J-1-20 also surpass the design goal at 105°K. All five
detectors have specific detectivities above 1 x 10 9 at tempera-
ture as high as 110-115°K.
2.2.4
	 Antireflection Coating
Measurements taken previously at the Honeywell Corporate Research
Center have shown that about 30-35% of the incident blackbody
radiation is reflected at the detector surface.
Work performed at the Honeywell Radiation Center has indicated
that a number of materials exist which when applied as a quarter
wavelength film to the detector could reduce the reflection loss
at 15.54m significantly. Such coatings have successfully been
applied to numerous detectors and each of the final devices has
been coated. The film in addition serves to "passivate" the de-
tector surface and an additional benefit is thus derived. Detec-
tivity data taken both before and after coating; on two sample
detectors is given in Figure 2.5. At 15.54m there is about an
20% improvement in D*. The spectral response curve changes in
shape as would be expected from a coating which preferentially
proves small wavelength regions.
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A2.3
	 FINAL DETECTORS: CORRELATION WITH THEORY
Test reports on the three Final detectors shipped to NASA are in-
cluded in Appendix A. Figures 2.6 through 2.8 show the spectral
detectivity of the three detectors in their final packages from
82°K to about 115°K. The final detectors have an AR coating which
changes the shape of the spectral range from that of a. typical un-
coated photoconductive device. The final package, a DLK 21 button
mount with an Irtran IV window, was mounted on the pedestal of t-he
variable temperature dewar for final testing.
The Irtran IV window it the variable temperature dewar served to
decrease the blackbody signal by about 28-30%. This window ab-
sorption is taken into account in the spectral detectivi.ties pre-
sented in Figures 2,6 - 2.8. . The D* shown is thus that obtained
for the DLK 21 (bottom mount) package, including the window
attached to the DLK 21.
The cutoff wavelength for Z-1 shifts from about 174m at 82°K to
154m at 114°K, while both Z-2 and Z-3 respond to wavelengths about
14m longer at each temperature (se^4_ Figures 2.6 - 2.8.) . Z-3
had the highest 15.54m detectivity at both 82°K and 105°K, with:
ll*15^5(15.5, 2800, 1) = 4.0 x 10 10 at 82°K
D*15,5 (15.5, 2800, 1) = 1.6 x 10 10 at 105°K
D* 15.5 (15.5, 2800, 1) = 9 x 10 9
 at 117°K
2.3.1
	 Variable Temperature Data
The temperature dependence of the specific detectivity at 15.5pm
and the blackbody detectivity are shown in Figures 2.9 and 2.10
respectively. The effect of carrier concentration on the D* can
be seen in these figures. Both det ctors Z-2 and Z-3 are from
tl.ie
 H region and have about 6 x 10 14
 carriers/cm 3
 at 78°K. De-
tector 2-1 is from the J-2 region and has a carrier concentration
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of about 1.4 x 10 15 /cm3 at ;8"^:. In Section 2.1.2 the effect of
carrier concentratior. wa y explored theoretically. It is to be
expected that the greatest effect of the donor level will be at
those temperatures (i.e., T _^ 110°K) where the majority of carriers
are extrinsically excited. Thus, while all detectors approach the
same D^'^ BP
 at high temperatures, where all carriers are intrinsi-
cally excited, the detectors with the lowest N d level have the
highest D* BB
 values at low temperatures.
The specific detectivity at 15.5µm, on the other hand, depends
strongly on the cutoff wavelength at 78°K for each deviceo Z-1
has the shortest cutoff wavelength and thus the largest change
with temperature (see Figure 2.9) as at high temperatures it no
longer responds to 15.5µm radiation.
2.3.2	 Noise Spectrum
The noise spectrum of the three detectors is shown in Figures 2.11
through 2.13. The noise spec^rum was taken at the optimum bias
for each detector at 105°K. The noise obtained is the root mean
square sum of 1/f (or current) noise, g-r noise. The Johnson
noise end any additional noise added by the low noise amplifier used
have been subtracted. Z-1 shows a larger 1/f noise component than
do both Z-2 and Z-3. The rolloff of the g-r noise has been used
in Figure 2.3.
	 obtain the temperature dependence of the lifetime
of Z-1 (before final packaging with a 130 degree field-of-view).
2.3.3
	 Comparison of Final and Preliminary Device Data
The three final detectors Z-1, Z-2, and Z-3 were tested originally
as Ji No. 20, H47 No. 21, and H47 No. 31 respectively. The back-
ground conditions were vastly different for the preliminary and
final tests. In the preliminary testing, the field-of-view was
about 90 degrees and no AR coating was used. However, the DLK21
final package has a field-of-view of 40 degrees and one additional
cooed Irtran IV window. The combination of the change in field-
of-view and the extra cold window serves to decrease the background
photon generation rate (J B ) to approximately 1/10 of its value in
preliminary testing. Thus, one would expect an increase in D^'^ of
a factor of about 3 at temperatures near 80°K where the detector
24
0
O
0
0
.^
1
00O
x
0
u-t0
H
^^
N
CL^OH
U
WHWQ
O
w
U
z
w
..	 a
N	 W
x	 fY+
^. i	 ^
[s.	 ^
W
O	 WG	 C/l
H
0z
N
CO
.^
W
O
.^+r	 ^
p	 ^O	 o
.,	 rr	 li	 .-i
(sajon) ^
25
x
a
0
Hd
N
N
O	 O
o	 [-+
^	 VWHWQ
x0
w
.-.	
U
... a
w w
x
w
x
o0
w
H
Oz
N
rl
N
N
6^
•,^
G.
000
c
r
O
.-+
^	 ^OO	 ^
.^
u(s^Ton) ^
U
.^
26
iO
.-^
u(o^To.^)	 A
n
. ^
^a
Q^
O
.--^
i
i
i^
0
27
..
N
x
..
^.
x
0
^,0
H
N
Gl.OHUW
HW
Q
O
G.
Uz
^'
a
Grp
W
H
000
0
v
,--i
Cl
e--1
N
DO
•n
W
•is background limited and the D* varies as B.
Tl^e final AR coating additionally increases the D %'^ by about 20%.
At a temperature of 105°K, where the detector is less background
limited, one would expect the final detectors to have D^'^ values
about 2 times higher than they had in preliminary testing, as is
indeed found to be the case.
All the final detectors have specific detectivities above the
design goal at 115°K as well as at 105°K.
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SECTION 3
NEW TECHNOLOGY
	
3.1	 VARIABLE TEMPERATURE DEWAR
An improved version of the variable temperature glass dewar used
on NASS-11554 was constructed. The dewar, Figure 3.i, has a solid
co pper pedestal with pins to ►n^unt the detector on. This is con-
nected to the nitrogen well with four short copper legs. Two tu-
bular heaters arE^ mounted on the underside of the pedestal. The
heater leads as well as the pins on the pedestal (electrical con-
nections for biasing the detectors) are brought out of the dewar
with hermetic connectors. The heater is controlled by a power
supply. Figure 3.2. shows the dewar cooldown time and the heater
power requirementso 'The detectors are biased with a constant cur-
rent supply. Spare pins on the pedestal may be used to connect
a thermistor. There was no significant drift in temperature dur-
ing the testing. One of the feedthroughs was used for a thermo-
couple. The cap inc'.udes an Irtran IV window for long wavelength
transmission to 2lµ.
	
3.2	 TEMPERATURE MEASUREMENT
Both a copper-constantan thermocouple and a thermistor were used
*_o measure temperature in the variable temperature dewar. Apiece
of the copper-constantan thermocouple was sent tc the National.
Bureau of Standards for calibration while another junction was
calibrated in-house with a ge^Ynanium resistor. The two calibra-
tions agreed very nicely.
A graph of the log of the resistance of the thermistor versus tl^e
reciprocal of the temperature is approximately a straight line
down to 150°Ko Below this the approximation of a straight line
relationship will give errors up to 10°K in the region from 150°It
to 78°K. The behavior of the thermistor above 150°K can be
represented as
s
29
^^
j
^	 ^_
R ^
^^/7
/^If
^^^^j .
/^/i
^^'i/
'^,
,,. i/^ ,
^ i.
^^/'^^/
J
a
Figure 3.1 VARIABLE TEMPERATURE GLASS DEWAR
30
10	 20	 30	 40
^.T (°K)
1	 2	 3	 4	 5	 6	 7	 8	 9
Variable Temperature Dewar Cooldown Time
300
280
260
240
220
200
,^ 180
a
..
F- 16 0
140
120
100
80
13
..
ro3
P.
0
Figure 3.2 HEl,TER POWER VERSUS DT
31
R = R 
CB(1/t-1 /t o )	 (:^)
0
Below 150°K, B is a function of the temperature
B = Bo (C-A/T) (1/T-1/To).	 (4)
Thus
R = R 
C Bo(C-A/T) ( i /T-1/to)	 (S)
0
A, B, and C are determined from the resistance of therniistor at
room temperature, 146°K, 90°K, and 77°K. Figure 3.3 snows the
measurement of temperature with the thermistor rising several
cryogenic liquids at their boiling points and the points predicted
by the equaticn above. Agreement was very good with several dif-
ferent thermistors.
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SECTION 4
CONCLUSIONS
Three long wavelength (Hg,Cd)Te detectors were shipped to NA 5A
with spec^fic de^e/^tivities at 15.5µm well above the design goal
of 5 x 10 cm Hz
	 /watt at 105°K. These detectors were selected
after an intensive developmen^ program exploring the behavior of
long wavelength detectors. The detectors behaved as theory de-
veloped at 12µm and tested under NASA Contract r?AS5-11554 predicted.
The original theory developed for the 12µm region was extended to
the 14-16µm region and constants for the many internal detector
mechanisms were calculated. In particular, the temperature de-
pendent characteristics cf the three very high performance devices
shipped can be predicted through the use of the (Hg,Cd)Te detector
theory developed in large part during contracts NAS 5-21068 and
NAS 5-11554.
This contract thus was an important extension of the "state-of-the-
art" of long wavelength, elevated operating temperature mercury-
cadmium-telluride photodetectors.
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APPENDIX A
TEST REPORTS; THREE FINAL DETECTORS
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TEST REPORT NO. 2764
FOR
DLK ?lA3 S/N Z1 INFRARED DETECTOR
FOR
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
CONTRACT NO. NAS 5 - 21068
.c,^
	
^^^^s s ^^ ^ / ^ 8f ? J
PRODUCT ASSU ^' CE	 PROJECT ENGINEER	 PROGRAM MANAGER
ENGINEER
Honeywell Inc.
Radiation Center
2 Forbes Road
Lexington, IVlassacht,setts 02173
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1.1 Identification Number
1. 2 Detector Type
1. 3 Date of Manufacture
1.4 Window
1.5 Element Size
1, 6 Element Area
1. 8 Field of View
DLK 21A3 S/N Zl
Photoconductive
February 1970
Irtran IV
Length . OJT mm
Width .089 mm
.0088 mm2
3 9°
1. 0	 Description of Detector
2. 0	 Test Results
D^^`^ (15. 5µ, 2800, lj
22 ohms
E milliamps
13. 5 microns
less window correction -1. i5 xlOgcm Hzl/2w-1
with window correction 5.85 xlO9cm Hzl/2^-1
less window correction 1.18 x10 10 cm Hzl/2w-1
with window correction 1.66 x1ClOcm Hzl/2w-1
9	 1/2 -1less window correction 6.05 x10 cm 
Hzl/2 w_1
with window correction 8. 51 x10 cm Hz ^
	
2.1	 Resistance at 105° K
	
2.2	 Optimum Bias
	
2. 3	 Peak Spectral Response
	
2.4	 Detectivity at 105° K
D = ^ = bb (500, 2800, 1)
D == ^ max (10. 5u, ?800 1)
^^'ith window correction means
corrected for 29°,'o energy loss at second IRTRAN IV ^,vindow
in the test vehicle. No correction is made for window in detector
package.
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ATEST REPORT NO, 2765
FOR
DLK 21A3 S/N Z2 INFRARED DETECTOR
FOR
NATIONAL AERONAUTICS AriD SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
CONTRACT NO. NAS 5 - 210613
L'..C..a^c t't't -	 _ ^	 11 Sj L	 3 /i f ^7 v
P^;v
	 A St?R N	 PROJECT ENGIN ER	 PROGRAM MANAGER
ENGI1'EER
Honeywell Inc.
Radiation Center
2 Forbes Road
Lexington, n^Iassachusetts 02173
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61. 0
	 Description of Detector
1.1 Identification. Number
1. 2 Detector Type
1. 3 Date of Manufacture
1.4 Date of Manufacture
1. 5 Element Size
1.6 Element Area
1. 7 Field of View
DLK 21A3 S/N Z2
Photoconductive
February 1970
Irtran IV
Length .0915 mm
Width .0965 mm
.0088 mm 
36 0
D* k  
(15. 5 , 2800, 1)
µ
6. 2 ohms
20. 0 milliamps
14. 5 microns
U
less window correction 5. 20 x10 9 cm Hzl 2w-1
with window correction 7. 32 x109cm Hz1/2w-1
less window correction 1. 31 x1010cmHz1/2w-1
with window correction 1.85 x1010cm Hz1/2µ-1
less window correction 1.2 x10 1U cm Hz1/2W-1
with window correction 1.69 x10101/2 -1cm Hz w
	2.0
	 Test Results
	
2.1	 Resistance at 105° K
	
2.2	 Optimum Bias
	
2. 3	 Peak Spectral Response
	
2.4	 Detectivity at 105° K
D* bb (500, 2.8 Kliz, 1)
D* bb 
(500, 2.8 KHz, 1)
D= %max (14. 5µ 2800, 1)
With window correction means
corrected for 29 1/'o energy loss at second IRTRAN IV window
in the test vehicle. No correction is made for window in detector
package.
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•TEST REPORT NO. 2766
FOR
DLK 21A3 S/N Z3 INFRARED DETECTOR
FOR
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
CONTRACT NO. NAS 5 - 21068
prh 0<^,tf 311all7o
1`140
	
SURAficE	 PROJECT ENGINEER	 PROGRAM MANAGER
ENGINEER
Honeywell Inc.
Radiation Center
2 Forbes Road
Lexington, Massachusetts 02173
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1. 0
	 Description of Detector
1.1 Identification Number
1.2 Detector Type
1. 3 Date of Manufacture.
1.4 Window
1.5 Element Size
1.6 Element Area
1.7 Field of View-
DL.K 21A3 S/N Z3
Photoconductive
February 1970
Irtrar, IV
Length .08('39 mm
Width . 0864 mm
.00 mm2
3 6'
2. 0	 Test Results
2.1	 Resistance at 105° K
2. ?
	
Optimum Bias
2. 3	 Peak Spectral Response
2.4	 Detectivity at 105° K
D-'- bb (500, 2.8 Kitz, 1)
6. 5 Ohms
15 rnilliamps
1.1.5 microns
less window correction 5.3 .:10 9 cm 1121/2w-1
D--:' bb (500, 2.8 KIlz, 1)	 with window correction 7.7 x10^cm 1-lz1/2w-1
D-!: max (13. 5µ	 10, 2800 Hz, 1) less window correction 1. 35 x10 cm H 1/2z	 w -i
with window correction 1.90 x10 tO cm 11z1/2w
D`^ (15. 5p, 2800 Hz, 1)
	 less window correction 1.16 x10 10 cm Hz1/2w-1
with window correction 1.63 x10 10 ern Hz1/2w 1
WVith window correction means
corrected for 29 01 energy loss at second IRTRAN IV window
in test vehicle. No cerrectirn is made for window in detector
package.
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